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ABSTRACT The main organophosphate (OP) resistance mechanism in the Culex pipiezs complex is increased
activity of esterases A and B. Fourth-stage larvae from 2 field populations of C. pipiens from Gaomi and
Kunming, China, were compared for tolerance to parathion, dichlorovos (OP), and bassa (carbamate) insecticides.
Both populations were resistant to OPs but not to bassa. Starch gel electrophoresis indicated that elevated esterase
activity was correlated with OP resistance. High frequencies of amplified esterase genes Bl and A2-B2 (O.g5
and 0.5O) were discovered in Gaomi and Kunming, respectively. Howeve! only low levels of gene amplification
were detected.
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INTRODUCTION
The wide use of organic insecticides to control
pests has resulted in the evolution of resistance in
many insect pest species, including mosquitoes, the
primary vectors of many diseases (Georghiou and
Mellom 1983). Organophosphate (OP) resistance in
Culex pipiens is achieved by the overproduction of
nonspecific carboxylesterases that detoxify the in-
secticide by sequestration (Cuany et al. 1993). Two
closely linked loci (Est-3 and Est-2) code for es-
terases A and B, respectively. When Op resistance
develops, it often is associated with changes in both
the activity of these detoxification enzymes (Curtis
and Pasteur 1981, Maruyama et al. 1985) and the
frequencies of advantageous alleles (yebakima et
al. 1995). ln Cx. pipienx 10 high-acrivity esterases
have been observed in natural populations (Geor-
ghiou et at. 1980, Pasteur et al. 1981. Wirth et al.
1990, Poirier et al. 1992, Rivet et al. 1993. Xu et
al. 1994). The increased activity is due to the over-
production of esterases, resulting from gene ampli-
fication (Mouches et al. 1986, l99O; Raymond et
al. 1991; Poirie et al. 1992) or regulation of Al
gene expression (Rooker et al. 1996).
Overproduced esterase Bl has been found in Eu-
rope, North America, and China (Georghiou et al.
1980, Qiao and Raymond 1995). All of the ampli-
fied esterase Bl genes have the same DNA haplo-
type, indicating that the Bl amplification hal a
unique origin (Qiao and Raymond 1995). Neutral
polymorphisms flanking the esterase B structural
gene in susceptible mosquitoes, and the presence of
the same amplified haplotype in populitions from
distant geographic areas (Raymond et al. 1991,
Qiao and Raymond 1995) have been taken as evi-
dence that all BllB2 alleles are identical by de-
scent. A unique amplification event has been pro-
posed to have occurred before extensive migration
of esterase B haplotypes. Electrophoreticailt iden-
tical esterases from different countries correspond
to ampliflcation of identical haplotypes (Qiao and
Raymond 1995). This is true with the exceprion of
the esterases A4-84 (VIM) and A5-B5 (Cyprus),
which have the same electrophoretic mobility but
do not share homologous restriction sites in regions
flanking the esterase B gene (Poirie et al. 1992). A
2nd mechanism involves overproduction of A2-82
esterases and is expanding worldwide (Raymond et
al. 1991, Yebakima et al. 1995). Restriction maps
of A2-82 alleles in 12 strains sampled from 4 con-
tinents were extremely similar (Callaghan et al.
1998), supporting the hyporhesis that the A2-82 al-
lele amplification has spread worldwide by migra-
tion (Raymond et al. 1991).
The use of OP insecticides began in 1953 in Chi-
na and has resulted in OP resistance in natural pop-
ulations of Cx. pipiens. Amplified 81 was observed
in southern China in 1992 (Xu et al. 1994). The
main resistance mechanism is also increased ester-
ase A and B activity (Xu et al. 1994, eiao and
Raymond 1995). The present study was undertaken
to further investigate the distribution and amplifi-
cation of amplified A and B genes in the Cx. pi-
piens complex from China.
MATERIALS AND METIIODS
Two populations, named KM and GM, of the Cx.
pipiens complex were collected as larvae and pu-
pae, laboratory reared to adults, and stored at
-8O"C awaiting analysis (Fig. l). population KM
was collected from a pool in the suburb of Kun-
ming, Yunnan Province, in south-central China in
May 1998. Population GM was collected from a
ditch in Gaomi, Shandong province, in northeast
coastal China in August 1998.
The TEM-R strain, a Cx. p. quinquefasciatus Say
strain (Georghiou et al. 1980), is homozygous for
overproduced esterase Bl that has resulted in a
250-fold amplification of the 81 gene (Mouches et
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with the results of starch gel electrophoresis. A few
KM individuals possibly showed the same mobility
of esterase as 81 in TEM-R or that the sample size
was too small to include those individuals with a
Bl allele. No signal was detected in 10 individuals
with the A2 cDNA probe.
DISCUSSION
Amplified esterase B I genes have been found in
Cx. pipiens from many areas around the world,
such as North America, the Caribbean region,
South America, and some provinces in China
(Georghiou et al. 1980, Bisset et al. 1990, Raymond
et al. 1991, Xu et al. 1994). Organophosphates have
been used for more than 4O years in China. Gaomi
is only 700 km from Beijing and is the main cotton
planting area in northern China where OPs were
used against agricultural pests until 1980 when, be-
cause of resistance, they were replaced by pyre-
throids mixed with OPs (Han et al. 1996). The fre-
quency of amplifled 81 in GM is very high (857o).
A high frequency of Bl, albeit with low amplifi-
cation levels (Fig. 3), was also detected in GM. The
lst observation of 81 esterase from Cx. pipiens in
Beijing was demonstrated in 1995 (Qiao and Ray-
mond 1995). Subsequently, Bl seems to have
spread to the southeast. Culex pipiens with Bl es-
terase was detected in Yuncheng in Shandong prov-
ince, where OP treatments against Cx. pipiens are
intensive. It seems likely that one or a few resistant
mosquitoes containing the Bl allele migrated into
Gaomi and under OP selection, the frequency of
Bl increased gradually, and increased further under
pyrethroid * OP mixtures. Culex p. quinquefascia-
tas highly resistant to lambda-cyhalthrin and del-
tamethrin (pyrethroids) also had high cross-resis-
tance to malathion (Bisset et aI. 1997,1998). Both
types of resistance probably resulted from amplified
esterases. Although the resistant level in GM was
30 times higher than Beijing-s, it was low com-
pared to the reference laboratory strain with am-
plified esterase 81 (TEM-R strain), which has
1,230-fold temephos resistance (Raymond et al.
1993a). This can be explained by the low level of
amplification of Bl in GM (Fig. 3). Nonspecific
esterases are highly polymorphic in susceptible
populations (Raymond et al. 1996), but under sig-
nificant insecticide selection pressure, polymor-
phism can be largely reduced when an esterase-
based resistance mechanism is involved (Georghiou
and Pasteur 1978).
Highly active esterase A2-B 2 was lst observed
in mosquitoes from Tanzania. In less than 10 years,
A2-B2 had spread to 4 continents (Yebakima et al.
1995, Guillemand et al. 1996). It was not until 1992
that the highly active esterase A2-82 was observed
in southern China (Xu et al. 1994).It is very likely
that the resistant mosquitoes in KM migrated from
the nearby Chengdu Sichuan Province and the fre-
quency of A2-82 increased under OP selection.
This spread was most likely the result of an active
migration. Flight rates of 0.1 kmlday have been re-
ported for this species (Schreiber et al. 1988). Es-
terase A2-B2 has a broad geographic distribution
and strains with this genotypes have a high relative
fitness (Qiao et al. 1998). Esterase A2-82 confers
a lower resistance than is provided by Bl (Ray-
mond et al. 1987). The low level of resistance in
KM was associated with esterases that displayed a
much lower activity than that observed in the ref-
erence strain, indicating that overproduced ester-
ases and gene amplification were still at a low level.
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